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,QWURGXFWLRQ
7KHVXEMHFWRIQHWZRUNVWUXFWXUHDQGLQQRYDWLRQKDVEHHQDNHHQDUHDRILQWHUHVWLQPDQDJHPHQWWHFKQRORJ\DQG





PHWULFV WKDW FDQ EH XVHG WR LQGLFDWH WKH OLNHOLKRRG RI LQQRYDWLRQ 7KLV SDSHU XVHV HPSLULFDO GDWD IURP 1$6$¶V
,QWHUQDWLRQDO6SDFH$SSV&KDOOHQJHHYHQWVWRH[DPLQHKRZWKHVWUXFWXUHRIWKHVRFLDOQHWZRUNVRIWKHVHWZRPDVV
FROODERUDWLRQ HYHQWV FDQ LQIRUP WKH OLNHOLKRRG RI LQQRYDWLRQ SHUIRUPDQFH 6SHFLILFDOO\ ZH VHHN WR DQVZHU WKH











,Q D QHWZRUN OLQHV HGJHV UXQ EHWZHHQ WKH HOHPHQWV QRGHV WR LOOXVWUDWH WKH H[LVWHQFH RU QRQH[LVWHQFH RI
FRQQHFWLYLW\,QWKHLUFRPSUHKHQVLYHUHYLHZRIUHVHDUFKRQQHWZRUNV\VWHPV1HZPDQDQG:DWWVLOOXVWUDWHWKDWWKH
DQDO\VLV DQG PRGHOLQJ RI QHWZRUN VWUXFWXUH DQG EHKDYLRU LV DQ LQWHUGLVFLSOLQDU\ VWXG\ ZLWK UHVHDUFK VSDQQLQJ
GLVFLSOLQHVVXFKDVELRORJ\PDWKHPDWLFVSK\VLFVVRFLRORJ\FRPSXWHUVFLHQFHEXVLQHVVDQGHFRQRPLFV5HVHDUFK
LQGLFDWHVWKDWLQDGGLWLRQWRWKHGLVFLSOLQHDUHDVWXGLHGWKHW\SHRIQHWZRUNEHLQJVWXGLHGLVDQRWKHUSRLJQDQWHOHPHQW
RI FRQVLGHUDWLRQ ZKHQ H[DPLQLQJ WKH QHWZRUN RI D UHDOZRUOG V\VWHP $OWKRXJK UHDOZRUOG QHWZRUNV WHQG WR











GLYHUVLW\ RI UHDOZRUOG VRFLDO QHWZRUNV EHLQJ VWXGLHG ZLWK QRGHV UHSUHVHQWLQJ HVVHQWLDO SURWHLQV WHDPV DQG
LQGLYLGXDOV
7KHVWXG\RIVRFLDOQHWZRUNVEHJDQ LQ WKHVRFLDOVFLHQFHVZLWK WKHH[DPLQDWLRQRIIULHQGVKLSVDQGVPDOOVRFLDO
JURXSV(DUO\ UHVHDUFK FRQFHQWUDWHGRQ LQGLYLGXDO QRGH DQG HGJH VWDWLFV VXFK DV GHJUHH DQGSDWK OHQJWKV :LWK
FXUUHQWFRPSXWLQJDQGGDWDVWRUDJHFDSDELOLW\ZHKDYHVHHQDQLQFUHDVHLQWKHVL]HRIGDWDVHWVLQFXUUHQWQHWZRUN
UHVHDUFK:LWKQRGHDQGHGJHFRXQWVLQWKHWHQVRIWKRXVDQGVDQGPLOOLRQVWKHWUHQGRIVWXG\LQJODUJHUVFDOHDV
RSSRVHG WR VPDOO VFDOH QHWZRUNV LV UHVXOWLQJ LQ FKDQJHV WR WKH DQDO\WLFDO DSSURDFKHV DGRSWHG DV ZHOO ,Q ODUJHU
QHWZRUNVOLNHWKHRQHVWXGLHGLQWKLVDQDO\VLVWKHTXHVWLRQRIZKDWZLOOKDSSHQZLWKWKHUHPRYDORIDQRGHEHFRPHV




DQG UHVHDUFK W\SHV IRU JHQHUDO RU VSHFLILHG QHWZRUN FKDUDFWHULVWLFV HPSLULFDO VWXGLHV RI UHDOZRUOG
QHWZRUNVWKHGHYHORSPHQWRIFRQFHSWXDOIUDPHZRUNVIRUWKHVWXG\RIUHDOZRUOGQHWZRUNVRUFRPSDULVRQV
RIUHDOZRUOGQHWZRUNVWRUDQGRPRUPRGHOJHQHUDWHGQHWZRUNV




2.2. Affiliation networks 
$IILOLDWLRQ 1HWZRUNV DUH QHWZRUNV WKDW LQFRUSRUDWH WKH VXUURXQGLQJ FRQWH[W RI WKH QHWZRUN WKH QRGHV LQ DQ
DIILOLDWLRQQHWZRUNDUHQRWXQLPRGDOHDFKVHWRIQRGHVUHSUHVHQWDGLIIHUHQWFODVVRIHOHPHQWVIRUH[DPSOHWKHQRGHV
LQ DQ DIILOLDWLRQ QHWZRUN PD\ UHSUHVHQW  WKH LQGLYLGXDOV DQG  WKH XQLWVIRFL RI VRFLDO LQWHUDFWLRQ RI VDLG
QHWZRUNLQGLYLGXDOV,QWKHOLWHUDWXUHDIILOLDWLRQQHWZRUNVDUHDOVRUHIHUHQFHGDVSUHIHUHQFHQHWZRUNVDQGWKH\DUH
SDUWRIDFODVVRIQHWZRUNVUHIHUHQFHGDVWZRPRGHQHWZRUNVELSDUWLWHQHWZRUNVDQGPXOWLSDUWLWHQHWZRUNV,Q
DQDIILOLDWLRQQHWZRUNQRHGJHH[LVWVEHWZHHQ WZRQRGHV WKDWDUHRI WKHVDPHFODVVJURXSLQJ7KHVHQHWZRUNVDUH
XVHIXOZKHQ WKH GDWD IRU D QHWZRUN FDQEH GLYLGHG LQWRGLIIHUHQW FDWHJRULHV DQG UHVHDUFKHUVZDQW WR H[DPLQH WKH
UHODWLRQVKLSVWKDWH[LVWEHWZHHQWKHFDWHJRULHV
0DQ\UHDOZRUOGV\VWHPVFDQRUJDQLFDOO\EHPRGHOHGE\ELSDUWLWH &ODVVLFH[DPSOHV LQFOXGHWKHQHWZRUNVRI
FRPSDQ\GLUHFWRUVDQG WKHLUPHPEHUVKLS WRERDUGVRIGLUHFWRUVQHWZRUNVRIDFWRUVZKHUHDFWRUVDUH OLQNHG WR WKH
PRYLHVWKH\KDYHSHUIRUPHGLQDQGQHWZRUNVRIDXWKRUVZKHUHDXWKRUVDUHOLQNHGWRSXEOLFDWLRQV2QHUHDVRQ
UHVHDUFKHUV XVH WKLV PHWKRG RIPRGHOLQJ LV WKH UHOLDELOLW\ RI GDWD WKDW H[LVWV ZLWK D FROODERUDWLRQ QHWZRUN 7KH




LQ DQDO\VLV WRROV DQG VWDWLVWLFDO VHWV WKDW DUH VROHO\ DYDLODEOH IRU WKH DQDO\VLV RI UHDOZRUOG DIILOLDWLRQ QHWZRUNV
%LSDUWLWHQHWZRUNVDUHW\SLFDOO\VWXGLHGE\WKHEDVLFVWDWLVWLFVXVHGLQVRFLDOQHWZRUNDQDO\VLVRUE\VSHFLDOQRWDWLRQV
%HIRUH WKHDQDO\VLVEHJLQV WKHDIILOLDWLRQQHWZRUNVDUH WUDQVIRUPHG LQWRDFODVVLFDOQHWZRUNVWUXFWXUHRIXQLPRGDO
QRGHVE\SURMHFWLRQ$QH[DPSOHRIDVSHFLDOQRWDWLRQIRUDQDIILOLDWHGQHWZRUNELSDUWLWHJUDSKZRXOGEHWKDWWKH\
KDYH WZRGHJUHHGLVWULEXWLRQVRQH IRUHDFKQRGH W\SH ,Q WKH OLWHUDWXUH UHVHDUFKHUV WHQG WRXVH WKHPRVW UHOHYDQW
SURMHFWLRQV RI WKHLU DIILOLDWLRQ QHWZRUN RU FRPELQH WKH XVH RI SURMHFWLRQ DQG EDVLF ELSDUWLWH VWDWLVWLFV ZKLFK DUH
SULPDULO\GHJUHHUHODWHGZHLJKWHGSURMHFWLRQVDQGRUDGKRFFDVHVSHFLILFQRWDWLRQV

2.3. Innovation networks 
7KH UROHRIQHWZRUNV LQ LQQRYDWLRQ LV D WUHQGLQJ UHVHDUFK WRSLF DV LOOXVWUDWHGE\ WKLV VPDOO VDPSOHRI FDOOV IRU
UHVHDUFK WR ³V\VWHPDWLFDOO\ GHYHORS VSHFLILF HQDEOHUV DQG EDUULHUV´ LQ QHWZRUNV ³HVSHFLDOO\ LQ SXUVXLW RI
EUHDNWKURXJKLQQRYDWLRQV´³H[DPLQHWKHH[WHQWWKDWFOXVWHUDQGQHWZRUNFRQGLWLRQVKHOSDGGUHVVLQQRYDWLRQEDUULHUV
DQG FDWDO\VWV´ LQYHVWLJDWH YLUWXDO WHDPV ³WR VWUHQJWKHQ H[SODQDWLRQV RI VRFLDO QHWZRUNV DV SUHGLFWRUV RI WHDP






OHG WRS GRZQ DQG D ODUJH QHWZRUN ERDUG RU DGPLQLVWUDWLYH IXQFWLRQ UHVXOW LQ LQFUHDVHG QHWZRUN LQQRYDWLRQ
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SHUIRUPDQFH  6LQFH WKH VWXG\ DQG WKHRU\ XVHG ZDV FUDIWHG DURXQG GLVWLQJXLVKLQJ 60(V IURP RWKHU W\SHV RI
QHWZRUNV RQH PXVW XVH FDXWLRQ ZKHQ DWWHPSWLQJ WR JHQHUDOL]H WKHLU ILQGLQJV WR RWKHU QHWZRUN W\SHV $QRWKHU
OLPLWDWLRQRIWKLVVWXG\ZDVWKHSDUWLFLSDQWPHPEHUVKLSGDWDFROOHFWLRQLWZDVEDVHGRQWKHUHSRUWRIDUHSUHVHQWDWLYH
RI WKHQHWZRUN DVRSSRVHG WR DZULWWHQ UHJLVWHURISDUWLFLSDWLRQ7KH UHVHDUFKRI*Q\ZDOL DQG6ULYDVWDYD LVPRUH
JHQHUDO LQ QDWXUH WKHLU UHVHDUFK JHQHUDWHV D WKHRUHWLFDO PRGHO RI QHWZRUN DQG FOXVWHU IDFWRUV WKDW LQIOXHQFH







KRXUZRUOGZLGHPDVV FROODERUDWLRQ HYHQW D QRQPRQHWL]HG KDFNDWKRQ VW\OH FRPSHWLWLRQ WKDW GUDZV WKRXVDQGV RI
FLWL]HQVDFURVVWKHJOREHWRZRUNFROOHFWLYHO\LQVPDOOWHDPVDQGRULQGLYLGXDOO\WRFUHDWHLQQRYDWLYHVROXWLRQVWR
FKDOOHQJHV LQ WKH DUHDV RI GDWD YLVXDOL]DWLRQ FLWL]HQ VFLHQFH RSHQ KDUGZDUH DQG RSHQ VRIWZDUH  1$6$ OHG WKH
,QWHUQDWLRQDO6SDFH$SSV&KDOOHQJHLQDQG:HFROOHFWHGGDWDIRUWKH$SULODQG$SULO±
 ,QWHUQDWLRQDO6SDFH$SSV&KDOOHQJH HYHQWV'DWDZDV VRXUFHG IURP WKHRIILFLDO1$6$ZHEVLWHV IRU WKH
DQG,QWHUQDWLRQDO6SDFH$SSV&KDOOHQJHVSURJUDPRIILFHILQDOUHSRUWVDQGUDZGDWDIURPWKH1$6$¶V
,QQRYDWLRQ3URJUDP0DQDJHPHQWWHDP
3.1. Data collection method 
$OORIWKHHYHQWGDWDZDVSXEOLFDOO\DYDLODEOHDQGVRXUFHGIURPWKHFKDOOHQJHZHEVLWHDQGILQDOUHSRUW
'DWDFROOHFWHGLQFOXGHGIRUPDOO\UHJLVWHUHGSDUWLFLSDQWVFXUDWHGFKDOOHQJHVHYHQWORFDWLRQVUHJLVWHUHGSDUWLFLSDQWV





SDUWLFLSDQW LGHQWLILHUVZLWKWLPHGDWHVWDPSVUHJLVWHUHGSDUWLFLSDQW LGHQWLILHUVE\HYHQW ORFDWLRQSURMHFW WHDPVDQG
WKHLU UHJLVWHUHG WHDP PHPEHUV E\ HYHQW ORFDWLRQ SURMHFW WHDP VROXWLRQV E\ FKDOOHQJH DQG HYHQW ORFDWLRQ DQG
JOREDOO\ QRPLQDWHG VROXWLRQV $GGLWLRQDO GDWD FROOHFWHG WKDW FKDUDFWHUL]HG WKH  HYHQW LQFOXGHG WKH SURMHFW



















































4.1. Network statistics 
:HZLOO H[DPLQH RXU SURSRVLWLRQV E\ FUHDWLQJ DSSOLFDEOH ELSDUWLWH DIILOLDWLRQ QHWZRUNV IRU WKH  DQG 
FKDOOHQJH HYHQWV )RU H[DPSOH D ELSDUWLWH DIILOLDWLRQ QHWZRUN IRU 3ZRXOG FRQVLVW RI QRGH VHWV UHSUHVHQWLQJ WKH
FXUDWHGFKDOOHQJHVDQGWKHFKDOOHQJHHYHQWVLWHV7RDQDO\]HWKHDIILOLDWLRQQHWZRUNVZHWXUQWREDVLVVWDWLVWLFVDQG
PHWKRGRORJLHVIRUFODVVLFDOQHWZRUNDQDO\VLVDQGEDVLFELSDUWLWHVWDWLVWLFV:HWKHQWXUQWRWKHFRQWULEXWLRQVRI
/DWDS\0DJQLHQDQG'HO9HFFKLRFRQFHUQLQJ WKHH[WHQVLRQRI WKHDIRUHPHQWLRQHGEDVLV VWDWLVWLFVDQGDGGLWLRQDO
QRWLRQVWKDWDUHUHOHYDQWWRDIILOLDWLRQQHWZRUNV7KHFRPSOHWHVHWRIEDVLFVWDWLVWLFVWKDWZLOOEHFDOFXODWHGDUHWKH
QXPEHU RI QRGHV WKH QXPEHU RI HGJHV DYHUDJH GHJUHH GHJUHH GLVWULEXWLRQV DQG GHQVLW\ 7KUHHPRGHOV RI HDFK
DIILOLDWLRQQHWZRUNZLOO EH FRQVWUXFWHG DQG H[DPLQHGZLWK WKHVH EDVLF VWDWLVWLFV7KH WKUHHPRGHOV DUH D ELSDUWLWH
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JUDSK D WRS SURMHFWLRQ JUDSK DQG D ERWWRP SURMHFWLRQ JUDSK LQ WKH OLWHUDWXUH WKH SURMHFWLRQ JUDSKV DUH DOVR
UHIHUHQFHGDVVLQJOHPRGHXQLSDUWLWHQHWZRUNVRUWKHRQHQRGHYHUVLRQRIWKHDIILOLDWLRQQHWZRUN,QDGGLWLRQWR
WKHDERYHPHQWLRQHGVWDWLVWLFVEDVLFELSDUWLWHVWDWLVWLFVZLOOEHFDOFXODWHGIRUWKHYDULRXVDQGDIILOLDWLRQ






DQG WKH EHVW JURXSLQJ RI VWDWLVWLFV WKDW SURYH RU GLVSURYH WKH RFFXUUHQFH RI FRPSHWLWLRQ LQWHQVLW\ DQG VRFLDO
LQWHUDFWLRQLQWHQVLW\WKHFOXVWHUIDFWRUVWKDWLQGLFDWHWKHLQQRYDWLRQFDWDO\VWVRIDZDUHQHVVDQGPRWLYDWLRQ
4.2. Network construction 
%DVHGRQRXUILUVWSURSRVLWLRQ3WKUHHGLIIHUHQWW\SHVRIDIILOLDWLRQQHWZRUNVZHUHFUHDWHGIURPRXUDQG
,QWHUQDWLRQDO6SDFH$SSV&KDOOHQJHGDWDVHWVUHVXOWLQJLQD WRWDORIQHWZRUNV7KHQHWZRUNVZHUHEXLOWDV
ELSDUWLWH JUDSKV XVLQJ*HSKL *HSKL LV DQ RSHQ VRXUFH LQWHUDFWLYH QHWZRUN DQDO\VLV DQG YLVXDOL]DWLRQ WRRO 7KH




4.2.1. 2012 International Space Apps Challenge affiliate network construction 
$V LQGLFDWHG LQ VHFWLRQ  WKUHH DIILOLDWLRQ QHWZRUNVZHUH FRQVWUXFWHG IRU WKH  ,QWHUQDWLRQDO 6SDFH$SSV
&KDOOHQJH ,Q WKHFXUDWHGFKDOOHQJHVE\HYHQW ORFDWLRQVLWHDIILOLDWLRQQHWZRUN WKHQRGHV UHSUHVHQW WKHFXUDWHG





WKH QRGHV UHSUHVHQW WKH  FXUDWHG FKDOOHQJHV DQG WKH  VROXWLRQV VXEPLWWHG IRU WKH FKDOOHQJHV GXULQJ WKH
FRPSHWLWLRQ$QHGJHEHWZHHQDFXUDWHGFKDOOHQJHDQGDVROXWLRQLQGLFDWHVWKDWWKHVROXWLRQZDVVXEPLWWHGWRZDUGV
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
)LJXUH,QWHUQDWLRQDO6SDFH$SSV&KDOOHQJHFXUDWHGFKDOOHQJHVZRUNHGE\ORFDWLRQVLWHDIILOLDWLRQQHWZRUN
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4.2.2. 2013 International Space Apps Challenge affiliate network construction 

















 &KDOOHQJHVDQGORFDWLRQ &KDOOHQJHVDQGVROXWLRQV /RFDWLRQVDQGVROXWLRQV
      
1XPEHURIQRGHV      
1XPEHURIHGJHV      
$YHUDJHGHJUHH      
'HQVLW\      
1XPEHURIWRSQRGHV      
1XPEHURIERWWRPQRGHV      
1XPEHURIHGJHV      
$YHUDJHGHJUHHWRSQRGHV      
$YHUDJHGHJUHHERWWRPQRGHV      
&RPSRQHQWV      

,QLWLDO DQDO\VLV LQGLFDWHV WKDW RXU QHWZRUN H[KLELWV FKDUDFWHULVWLFV FRPPRQ WR ODUJH VFDOH FRPSOH[  UHDOZRUOG
QHWZRUNVVXFKDVVPDOODYHUDJHGHJUHHVFRPSDUHGWRWKHQXPEHURIQRGHVLQWKHQHWZRUNQHDU]HURGHQVLWLHVVKRUW
SDWK OHQJWKV DQG KHWHURJHQHRXV GHJUHH GLVWULEXWLRQV 3UHOLPLQDU\ UHVXOWV DOVR VKRZ WKDW WKH SURSRVHG PHWULFV
UHJDUGLQJ ELSDUWLWH GHJUHHV DQG WKHLU GLVWULEXWLRQV ZLOO PRVW OLNHO\ FRUUHODWH WR NH\ DVSHFWV LQ LQQRYDWLRQ 7KLV
VSHFXODWLRQLVEDVHGXSRQREVHUYDWLRQVGHWDLOHGLQWKHZRUNRI/DWDS\0DJQLHQDQG'HO9HFFKLR¶VWKDWKDYHEHHQ






LGHQWLILHG LQ 6HFWLRQ  ,PPHGLDWH QH[W VWHSV LQFOXGH FRPSXWLQJ PHWULFV LGHQWLILHG LQ RXU PHWKRGRORJ\ IRU WKH
QHWZRUN GHYHORSLQJ DGGLWLRQDO DIILOLDWH QHWZRUNV LQ VXSSRUW RI RXU SURSRVLWLRQV DQG UXQQLQJ VWDWLVWLFDO WHVWV LQ
VXSSRUWRIRXUK\SRWKHVHV7KLVSURFHVVZLOOEHUHSHDWHGIRURXUHQWLUHVHWRISURSRVLWLRQV2XUUHVXOWVZLOOLQFOXGHD
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